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(57) ABSTRACT

This mvention relates to a filament for electron emission
cathode which 1s employed 1n an electron microscope, a criti-
cal dimension examine tool, an electron beam lithograph
machine, an electron beam tester and other electron beam
related systems as an electron source. Embodiments of the
present mvention discloses method with which a Re (Rhe-
nium) 1s used as heat source such that vibration 1ssue of prior
tungsten filament can be depressed.

17 Claims, 4 Drawing Sheets
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1
FILAMENT FOR ELECTRON SOURCEL

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a filament for electron
source, and more particularly to a Schottky electron emission
source.

2. Description of Related Art

Electron sources are applied to devices such as electron
beam lithography systems, electron microscopes, Auger elec-
tron spectrometers, and semiconductor mspection systems.
In such devices, an electron source provides electrons, which
are then guided into an intense, finely focused beam of elec-
trons having energies within a narrow range. To facilitate
formation of such a beam, the electron source should emit a
large number of electrons within a narrow energy band. The
clectrons should be emitted from a small surface area on the
source 1into a narrow cone of emission. Electron sources can
be characterized by brightness, which 1s defined as the elec-
tron current divided by the real or virtual product of the
emission area and the solid angle through which the electrons
are emitted.

Electrons are normally prevented from leaving the atoms at
the surface of an object by an energy barrier. The amount of
energy required to overcome the energy barrier 1s known as
work function of the surface. A thermionic emission electron
source relies primarily on heat to provide the energy to over-
come the energy barrier and emit electrons. Thermionic emis-
s10n sources are not suificiently bright for use 1n many appli-
cations.

Another type of electron source, a cold field emission
clectron source, operates at room temperature and relies on a
strong electric field to facilitate the emission of electrons by
tunneling through the energy barrier. A field electron source
typically includes a narrow tip at which electrons leave the
surface and are ¢jected 1nto surrounding vacuum. Since a cold
field emission electron source 1s operated at room tempera-
ture, 1t thus has low chromatic aberration and 1s used as
clectron source for high-resolution electron beam device.
Also, since cold field emission electron sources are operated
at room temperature, gas tends to adsorb to the electron
emission surface. Therefore, cold field emission sources
exhibit instabilities that cause problems in many applications.

Yet another type of electron source 1s referred to as a
Schottky electron emission source or Schottky emitter. Schot-
tky emitters use a coating on a heated emutter tip to reduce its
work Tunction. In Schottky emission mode, Schottky emaitter
uses a combination of heat and electric field to emit electrons,
which appears to radiate from a virtual point source within the
tip. With changes to the emitter temperature and electric field,
the Schottky emitter will emit in other emission modes or
combinations of emissions mode. Schottky emitters are very
bright, and are more stable and easier to handle than cold field
emitters. Because of their performance and reliability ben-
efits, Schottky emitters have become a common electron
source for modern electron beam systems.

As shown 1n FIG. 1, a typical Schottky electron emission
source 100 1s provided, which includes an emitter 101 having
an apex 108 from which the electrons are emitted, a coating
102 on the emitter 101, a tungsten filament 103 for supporting
the emitter 101, two electrodes 104 for mounting the filament
103, and a base 103 for supporting the two electrodes 104.
The tungsten filament 103 1s a bended wire and heated for
providing heat to the emitter 101. Schottky electron emission
source 100 typically operates with apex 108 at a temperature
of approximately 1800K. Emitter 101 1s typically made from
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a single crystal of tungsten oriented 1n the <100>, <110>,
<111>, or <310> orientation. Emitter 101 1s coated with a

coating material to lower 1ts work function. Such coating
materials could include, for example, compounds, such as
oxide, nitrides, and carbon compound, of zirconium, tita-
nium, hatnium, yttrium, niobium, vanadium, thorium, scan-
dium, beryllium, or lanthanum. For example, coating a (100)
surface of tungsten with zirconmium and oxygen lowers the
work function of the surface from 4.5 eV to 2.8 eV. By
reducing the energy required to emit electrons, the coating on
the emitter makes 1t a brighter electron source.
Conventional thin (0.005 1nch=0.127 mm) tungsten {ila-
ment 1s used for electron source. However, this structure, thin
tungsten filament 103, will induce vibration 1ssue, and this
issue can also be referred to U.S. Patent Publication No.
2010/0090581. A simple way to depress the vibration 1ssue 1s
to thicken tungsten filament directly. Nevertheless, the tung-
sten filament 103 cannot be thickened directly, because low
resistance of tungsten will incur higher operation current
larger than 3 A(ampere). Power supply can hardly provide
such a large current for electric circuit of the electron source

100.

Two companies, KIMBALL PHYSICS and DENKA, pro-
vide a ribbon-type tungsten filament 203 used for electron
source 200 to resolve the vibration 1ssue, as shown 1n FIG. 2.
Although this rnibbon-type structure may 1nhibit the vibration
issue, 1t will make the tungsten filament 203 not easily be
welded to electrodes 204, because the ribbon-type filament
203 with a certain width-to-thickness ratio will cause welding

1ssue while small side of the ribbon-type filament 203 welds
on the electrodes 204.

Another solution 1s provided by DENKA, as shown in FIG.
3 and also referred to U.S. Patent Publication No. 2010/
0090581. A cup-shaped component (6) 1s added to support the
tip (1), and a tungsten filament (3) 1s used to heat up the
cup-shaped component (6). Thus, the vibration 1ssue 1s also
resolved. However, cup-shaped tungsten component with
tungsten filament assembly has complex structure (each com-
ponent 1s very tiny, about 0.1-0.01 mm), and no commercial
product available now. Further, the cup-shaped component
(6) 1s heated up indirectly by the tungsten filament (3), 1.e., not
clectrothermal means to heat up the cup-shaped component
(6). Such a heating process has lower thermal efficiency, and
will incur more power consumption to achieve the same per-
formance

Accordingly, a new filament should be provided not only to
solve the vibration 1ssue, but also to keep all advantages that
conventional tungsten filament possesses.

SUMMARY OF THE INVENTION

In one embodiment, an electron source 1s disclosed by
using a rhenium filament, such that a thicker filament can be
provided to prevent from vibration issues.

Accordingly, a filament for an electron source 1s provided,
which comprises a rhenium wire with a diameter equal to or
larger than 0.006 inch. The rhenium wire 1s bended such that
two ends thereotf are welded. A central portion of the rhentum
wire 1s conveXx to the two ends such that a tip of the electron
source can mount to the central portion of the rhentum wire.
The two ends of the rhenium wire are welded to two elec-
trodes respectively. A bended angle of the rhenium wire 1s
between 10 to 100 degree.

This mvention further provides a filament for an electron
source, which comprises a tungsten wire with a diameter
larger than 0.005 inch with a bended angle larger than 60
degree.
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An electron source 1s also provided, which comprises a
base, two electrodes embedded into the base and distanced
apart with each other, a rhenmium wire with a diameter equal to
or larger than 0.006 inch, and an emitter mounting on the
central portion of the rhenium wire. The rhenium wire 1s
bended such that two ends thereof are welded to the two
clectrodes, and central portion of the rhenium wire 1s convex
to the two ends.

This 1invention further provides an electron source, which
comprises a base, two electrodes embedded into said base and
distanced apart with each other, a tungsten wire with a diam-
eter equal to or larger than 0.005 inch, and an emitter mount-
ing on the central portion of the tungsten wire. The tungsten
wire 1s bended at angle larger than 60 degree such that two
ends thereof are welded to said two electrodes, central portion
of the tungsten wire being convex to the two ends.

The electron source further comprises a coating on the
emitter, wherein the coating 1s metal oxide. Matenal of the
metal 1s zircomum, titanium, hafnium, scandium, yttrium,
lanthanide series element, barium, strontium, or calcium.
Material of the base 1s ceramic, and material of the two
clectrodes 1s kovar.

Other advantages of the present mvention will become
apparent from the following description taken 1n conjunction
with the accompanying drawings wherein are set forth, by

way of 1llustration and example, certain embodiments of the
present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic 1llustration of a conventional electron
source with a tungsten filament that a vibration issue 1s
occurred.

FIG. 2 1s a schematic 1llustration of a conventional electron
source designed by KIMBALL PHYSICS or DENKA to
solve the vibration 1ssue.

FIG. 3 1s a schematic 1llustration of another conventional
clectron source designed by DENKA with a cup-shaped ele-
ment to solve the vibration issue.

FIG. 4 1s a schematic 1llustration of an electron source with
a rhenium filament 1n accordance with an embodiment of the
present invention.

DETAILED DESCRIPTION OF EXAMPL.
EMBODIMENTS

L1l

Various example embodiments of the present mvention
will now be described more tully with reference to the accom-
panying drawings 1n which some example embodiments of
the invention are shown. In the drawings, the size of every
component may be exaggerated for clarity.

Detailed illustrative embodiments of the present invention
are disclosed herein. However, specific structural and func-
tional details disclosed herein are merely representative for
purposes of describing example embodiments of the present
invention. This ivention may, however, be embodied 1n
many alternate forms and should not be construed as limited
to only the embodiments set forth herein.

Accordingly, while example embodiments of the invention
are capable of various modifications and alternative forms,
embodiments thereol are shown by way of example in the
drawings and will herein be described 1n detail. It should be
understood, however, that there 1s no 1ntent to limit example
embodiments of the mvention to the particular forms dis-
closed, but on the contrary, example embodiments of the
invention are to cover all modifications, equivalents, and
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alternatives falling within the scope of the mvention. Like
numbers refer to like elements throughout the description of
the figures.

Electron source 1s an important component for e-beam
apparatus, 1n which the e-beam apparatus can be applied to
SEM (scanning electron microscope), TEM (transmission
clectron microscope), or E-beam writer. Conventional ther-
mal field emitter, cold field emitter, or Schottky emitter can be
applied to the variant fields.

Referring to FIG. 4, a new electron source 400 1s provided
with an emitter 401 mounted on a rhenium filament 403, 1n
which a coating 402 1s formed on the emitter 401 having an
apex 408 from which the electrons are emitted. The rhenium
filament 403 1s mounted on two electrodes 404, and a base
405 supports the two electrodes 404.

Because rhenium has a higher resistivity, about 193 nf2-m
at 20° C., the rhentum filament 403 can be thicker than prior
tungsten filament. The rhenium filament 403 has a dimension
equal to or larger than 0.006 inch (or 6 mil) 1n diameter 1n one
embodiment, and can be 0.006, 0.007, 0.008 or 0.009 inch.
Larger thickness filament 403 can not only vibrate less, but
also be more easily welded to the two electrodes 404.

The rhenium filament 403 1s formed by using a rhenium
wire, and then the rhenium wire 1s bended such that two ends
can be welded to two electrodes 404 of the electron source
400. The central portion of the rhenium wire 1s convex to the
two ends such that the emitter 401 can be mounted to the
central portion of the rhentum filament 403. The bended angle
of the rhenium filament 403 can range from 10 to 100 degree.

Material of the emitter 401 can be tungsten, molybdenum,
iridium, niobium, tantalum, or rhenium. Coating 402 on the
emitter 401 can be metal oxide, in which metal can be zirco-
nium, titanium, hafnium, scandium, yttrium, lanthanide
series element, barium, strontium, and calcium.

Besides a thermionic emission tip and a Schottky emission
structure, a cold field emission tip (single-crystal or monoc-
rystalline tungsten) can also be applied to this invention for
flash a period.

The supporting base 4035, material of which 1s 1nsulator,
can be ceramic or thermal ceramic, like oxide, nitride, or
carbide, and specific matenial of the base 405 can be Al,O;,
710, or AIN.

Two electrodes 404, are conductive terminals, material of
which can be Kovar (trademark of Carpenter Technology
Corporation), which 1s a nickel-cobalt ferrous alloy designed
to be compatible with the thermal expansion characteristics
of borosilicate glass (~5x107°/K between 30 and 200° C., to
~10x107°/K at 800° C.) in order to allow direct mechanical
connections over a range of temperatures. The name Kovar 1s
often used as a general term for Fe—Ni1 alloys with these
particular thermal expansion properties.

Table 1 1s a simulation result of resonance frequency to
different filament materials and shapes with different thick-
ness. Conventional resonant frequency i1s between 2000 to
2500 Hz, and simulated result 1s 2381.6 Hz. Resonant fre-
quency of ribbon-type tungsten 1s increased larger than 4000
Hz. High resonant frequency means that filament will be
inhibited to vibrate; 1.e., filament will more hardly vibrate at
such high frequency. A suggested thickness of rhenium wire
1s equal to or larger than 0.006 1nch, and preferred between
0.007 to 0.008 1nch.

Furthermore, bended angle of a rhentum wire 1s another
factor to resonant frequency except using thickened rhenium
wire 1nstead of tungsten wire. The resonant frequency of the
rhenium wire 1s increased while bended angle of the rhentum
wire 1s mncreased. Please refer to Table 1 again, when bended
angle of rhentum wire with 0.009 inch 1n diameter 1s varied




US 8,896,195 B2

S

from 60 to 70 degree, resonant frequency can be increased
from 5114.7 to 6826.2 Hz significantly. It should be noted that
numbers within parentheses in Table 1, that are simulated for
tungsten wire with different bended angle, denote not easy to
practice compared to the use of rhenium wire. However, they 53
provide interesting information that even tungsten wire with

a larger bended angle can have higher resonant frequency;
1.¢., the vibration 1ssue can either be suppressed to some
extent, although suppressed range 1s limited. If structure of
the electron source can suppress vibration with 0.005 mch 10
tungsten wire bended at 70 degree, or effect of vibration 1s
acceptable, tungsten wire can be also applied to the electron
source. Moreover, 11 a power supply can provide high current
for the tungsten wire, a thickened tungsten wire, for example
0.006 inch, with a bended angle of 70 degree can also be 15
applied to the electron source too. From another point of view,
rhenium filament can be not only thickened, but also enlarged
bended angle to suppress vibration 1ssue. However, if the
vibration 1ssue 1s crucial to the electron source, rhenium
filament would be a preferred design.

6

4. The filament for the Schottky electron emission source
according to claim 3, wherein the two ends of the rhenium
wire are welded to two electrodes respectively.

5. The filament for the Schottky electron emission source
according to claim 2, wherein a bended angle of the rhenium
wire 1s between 10 to 100 degree.

6. A Schottky electron emission source, comprising:

a base;

two electrodes embedded into said base and distanced
apart with each other;

a rhenium wire with a constant diameter equal to or larger
than 0.006 inch, being bended such that two ends thereof
are welded to said two electrodes, central portion of the
rhenium wire being convex to the two ends;

an emitter mounting on the central portion of the rhenium
wire; and

a coating on a tip, wherein the coating 1s metal oxide.

7. The Schottky electron emission source of claim 6, mate-
rial of the metal 1s zirconium, titanium, hatnium, scandium,
yttrium, lanthanoid series element, barium, strontium, or cal-
cium.

TABLE 1
Frequency of
Tungsten Ribbon
Thickness Width (Bend angle 60°)
Shape (1nch) (inch) (Hz)
Ribbon 0.003 0.009 4626.9
Ribbon 0.003 0.008 4020.2
Ribbon 0.003 0.007 3536.5
Frequency of Frequency of Frequency of Frequency of

Tungsten Filament  Rhenium Filament  Tungsten Filament — Rhenium Filament
Diameter  (Bend angle 60°) (Bend angle 60°) (Bend angle 70°) (Bend angle 70°)

Shape (1nch) (Hz) (Hz) (Hz)
Wire 0.009 (4935.2) 5114.7 (6592.1)
Wire 0.008 (4337.4) 4502.5 (5784.2)
Wire 0.007 (3712.8) 3862.7 (4941.0)
Wire 0.006 (3035.5) 3167.6 (4011.5)
Wire 0.005 2381.6 2495.5 31239
40

In this invention, thickened rhentum filament may depress
the vibration 1ssue 1n the electron source, and easily be
welded to the two electrodes. Moreover, wider bended angle
of the rhentum wire can further increase resonant frequency
more significantly. Furthermore, structure of this filament 1s 45
much simpler than the design by KIMBALL PHYSICS or
DENKA, and the rhenium filament 1s heated directly by elec-
trothermal electrode.

Although the present invention has been explained in rela-
tion to 1its preferred embodiment, 1t 1s to be understood that
other modifications and variation can be made without
departing from the spirit and scope of the invention as here-
after claimed.

50

55
What 1s claimed 1s:

1. A filament for a Schottky electron emission source,
comprising: a rhenium wire with a constant diameter equal to
or larger than 0.006 inch and less than 0.01 inch.

2. The filament for the Schottky electron emission source 60
according to claim 1, wherein the rhentum wire 1s bended
such that two ends thereof are welded.

3. The filament for the Schottky electron emission source
according to claim 2, wherein a central portion of the rhenium
wire 1s convex to the two ends such that an emitter of the 65
clectron source can mount to the central portion of the rhe-
nium wire.

(Hz)

082%.2
6010.9
5140.9
4192.5
3280.0

8. The Schottky electron emission source of claim 7,
wherein the emitter 1s single crystal tungsten for Schottky

clectron emission.

9. The Schottky electron emission source of claim 6,
wherein the emitter 1s single crystal tungsten for cold or
thermionic electron emission.

10. The Schottky electron emission source ol claim 6,
wherein material of the base 1s ceramic.

11. The Schottky electron emission source ol claim 6,
wherein material of the two electrodes 1s kovar.

12. A filament for a Schottky electron emission source,
comprising;

a tungsten wire with a constant diameter larger than 0.0035
inch with a bended angle larger than 60 degree to depress
vibration of the filament.

13. A Schottky electron emission source, comprising:

a base;

two electrodes embedded into said base and distanced
apart with each other;

a tungsten wire with a constant diameter equal to or larger
than 0.005 inch, being bended at an angle larger than 60
degree to depress vibration of the filament such that two
ends thereot are welded to said two electrodes, central
portion of the tungsten wire being convex to the two
ends; and

an emitter mounting on the central portion of the tungsten
wire.
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14. The Sckottky electron emission source of claim 13,
turther comprising a coating on a tip, wherein the coating 1s
metal oxide.

15. The Schottky electron emission source of claim 14,
material of the metal 1s zirconium, titanium, hatnium, scan- 5
dium, yttrium, lanthanoid series element, barium, strontium,
or calcium.

16. The Schottky electron emission source of claim 15,
wherein the emitter 1s single crystal tungsten for Schottky
clectron emission. 10

17. The Schottky electron emission source of claim 13,
wherein the emitter 1s single crystal tungsten for cold or
thermionic electron emission.
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